Objectives: The aim of this study was to reveal the mechanisms by which zinc ions inhibit oral malodor. Material and Methods: The direct binding of zinc ions to gaseous hydrogen sulfide (H 2 S) was assessed in comparison with other metal ions. Nine metal chlorides and six metal acetates were examined.
Introduction
Oral malodor is primarily the result of microbial metabolism of amino acids from local debris in the oral cavity 19 . The primary compounds of oral malodor are volatile sulfur compounds (VSCs), such as hydrogen sulfide (H 2 S), methyl mercaptan (CH 3 SH), and dimethyl sulfide (CH 3 SCH 3 ) 24 . Periodontopathic anaerobic bacteria, such as Porphyromonas gingivalis, Treponema denticola, Prevotella intermedia, Fusobacterium nucleatum, and Eubacterium can produce large amounts of H 2 S and CH 3 SH from cysteine, methionine, or serum proteins 16, 17 .
Various anti-malodor agents for oral use have been introduced and have proven to be effective in reducing VSC concentration in the oral cavity.
Antimicrobial agents such as chlorhexidine, triclosan, and cetylpyridinium chloride can reduce oral malodor by reducing the number of microorganisms present in the mouth 3 . Chlorine dioxide has also been shown to reduce oral malodor by chemically neutralizing VSCs 12 . Natural ingredients, such as hinokitiol, green tea powder, and Eucalyptus extract, also reduce oral malodor through various antibacterial mechanisms 7, 11, 22 .
Zinc ions are often found in commercial antimalodor mouthwashes in combination with other active ingredients. A combination of zinc ions and chlorhexidine or cetylpyridinium chloride was reported to inhibit VSC production synergistically
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.
We considered two mechanisms of oral malodor inhibition by zinc ions. The first is that zinc ions have a strong affinity for the thiol groups present in VSCs
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. and P. intermedia were cultivated in BHI medium with hemin (5 µg/mL) and vitamin K (1 µg/mL). 
Zinc ions exhibit immediate inhibitory effects on VSC

Statistical analysis
The Mann-Whitney U-test was used to evaluate the direct inhibitory effects of metal ions on gaseous H 2 S compared with 10 -5 % NaHS.nH 2 S solution, and the inhibitory effects of zinc ions on the growth of oral bacteria compared with that in the 0% ZnCl 2 medium.
Differences were considered to be significant when P<0.05. Statistical evaluations were carried out using the R software package, ver. 3.4.0 (http://www.Rproject.org).
* P<0.05 compared with the 10-5% NaHS.nH 2 S solution (Mann-Whitney U-test). 
Results
Direct inhibitory effects of metal ions on hydrogen sulfide
The inhibitory effects of metal chlorides on gaseous H 2 S are shown in Figure 1A . Aqueous solutions of 
Discussion
Among the nine metal ions examined in this study, calcium, iron, zinc, cadmium, copper, and silver had direct inhibitory effects on H 2 S volatilization. These metals have been widely used in dental materials, salivarius GTC 0215, considered unimportant for H 2 S production, was suppressed by 0.1% ZnCl 2 , 0.01% ZnCl 2 , and 0.01% ZnCl 2 , respectively. In a previous study on the effects of silver ions on the growth of S.
aureus and E. coli In conclusion, zinc ions, which exhibit an inhibitory effect on VSCs and are incorporated into products for oral malodor prevention, employ the two mechanisms of direct binding with gaseous H 2 S and antimicrobial activity. In particular, the growth of bacteria related to VSC production was inhibited at a lower concentration of ZnCl 2 compared with bacteria not related to VSC production. 
